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378a Tuesday, March 3, 2009and a laser trap based position sensing scheme. This ‘Thermal Noise Imaging’
can provide real-time tracking of 3D structural transitions. We present details
of the technique and a comparison of thermally excited structure fluctuations
with functional transitions.
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Christian Kappel, Helmut Grubmuller.
Max-Planck Institute for Biophysical Chemistry, Go¨ttingen, Germany.
The transport of macromolecules between the nucleus and the cytoplasm takes
place through nuclear pore complexes (NPC). NPCs act as an barrier against the
diffusion of larger molecules. Karyopherins mediate the selective transport of
proteins and RNA across this barrier.
A particularly well studied and crucial karyopherin is importin-beta. This pro-
tein binds in the cytoplasm to a cargo and transports it into the nucleus. Here,
the complex is dissociated by RanGTP, which itself binds to importin-beta and
is transported back into the cytoplasm, where it dissociates after hydrolysis.
All these processes are mediated by different conformations of importin-beta
[1]. A number of these conformations have been resolved, revealing an inherent
flexibility of importin-beta. Furthermore, recent molecular dynamics studies
[2] as well as small angle x-ray scattering data [3] suggested an extended con-
formation of the free, unbound state of importin-beta. According to the ‘‘loaded
spring’’ hypothesis, the elasticity of importin-beta plays a crucial role in this
context which, however, is not accessible experimentally so far.
In this work, the energetics and the mechanical properties of importin-beta are
studied by both force probe and free molecular dynamics simulations. Based on
the outcome of the simulations, mechanical models are developed to further
gain insight into the large scale motions of importin-beta.
[1] Conti, Muller, Stewart, Current Opinion in Structural Biology 16, 237-244 (2006)
[2] Zachariae, Grubmuller, Structure 16, 906-915 (2008).
[3] Fukuhara et. al., Journal of Biological Chemistry 279, 2176-2181 (2004).
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The understanding of dynamics and functioning of biological membranes and
in particular of membrane embedded proteins is one of the most fundamental
problems and challenges in modern biology and biophysics. In particular the
impact of membrane composition and properties and of structure and dynamics
of the surrounding hydration water on protein function is an upcoming hot
topic, which can be addressed by modern experimental and computational tech-
niques. Very recently, interprotein motions in a carboxymyoglobin protein
crystal were reported from a molecular dynamics simulation [Phys. Rev.
Lett. 100, 138102 (2008)]. We present experimental evidence for a cooperative
long range protein-protein interaction in purple membrane (PM). The dynamics
was quantified by measuring the spectrum of the acoustic phonons in the 2d
Bacteriorhodopsin (BR) protein lattice using inelastic neutron scattering. The
data were compared to an analytical model and the effective spring constant
for the interaction between protein trimers was determined to be k¼53.49 N/m.
The experimental results are in very good agreement to the computer simula-
tions, which reported interaction energy of 1 meV.
[1] Maikel C. Rheinsta¨dter, Karin Schmalzl, Kathleen Wood, Dieter Strauch,
http://arxiv.org/abs/0803.0959.
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The morphogenic protein Bicoid is an essential activator of cellular differentia-
tion and pattern formation in the fruit fly Drosophila melanogaster. It forms an
exponential concentration gradient along the anterior-posterior axis of fly embryo
and acts as a transcription factor that activates a cascade of target genes. The cur-
rently accepted model, known as the Synthesis, Diffusion & Degradation (SDD)
model, assumes that the protein spreads across the embryo by simple diffusion, as
was initially proposed by Francis Crick in 1970. This Model, however, has been
called into question by several recent studies. To test the validity of the SDD
model, we studied the localization and dynamics of a Bcd-EGFP fusion protein
in live embryos using complementary fluorescence techniques: Fluorescence Re-
covery after Photobleaching (FRAP) and Fluorescence Correlation spectroscopy
(FCS). We observed that Bcd-EGFP concentration decayed exponentially along
the anterior-posterior axis of the embryo with a characteristic length of ~100 mm,
as previously reported by other groups, and we estimated the absolute nuclear andcytoplasmic Bcd-EGFP concentrations at the anterior pole to be 120 nM and
15 nM, respectively. In the cytoplasm, we found that the overwhelming majority
of Bcd molecules were undergoing diffusive motion, with an average diffusion
coefficient D~5 mm2/s. This is an important result, because it provides the first
experimental evidence that the mobility of cytoplasmic Bcd is high enough to
support the establishment of a concentration gradient across the embryo before
the beginning of cellularization, as envisioned in the SDD model. We also ob-
served that 35% of the nuclear Bcd population was engaged in transient binding
to immobile structures, with an average binding time tB¼1/koff¼120 ms, a result
consistent with the fact that Bcd functions as a transcription factor.
Platform AJ: Interfacial Protein-Lipid
Interactions II
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Membrane composition strongly modulates the ability of photo-activated rho-
dopsin to achieve the G-protein binding competent metarhodopsin II conforma-
tion (MII). In particular, MII concentration increases linearly with the bilayer
concentration of non-bilayer forming PE lipids. This observation has prompted
the membrane curvature hypothesis, which states that the continuum elastic
properties of the lipid matrix play a dominant role on MII formation. Here, we
aimed to separate the effect of membrane curvature elasticity from specific inter-
actions between rhodopsin and PE headgroups. In a series of rhodopsin-contain-
ing proteoliposomes of different intrinsic curvature the level of rhodopsin acti-
vation was determined by steady-state and time-resolved UV/vis spectroscopy,
membrane order and dynamics parameters were probed by 2H NMR and 13C
MAS nuclear relaxation, and the structural response of rhodopsin to changes
in membrane composition was followed by circular dichroism (CD). MII forma-
tion was increased by 18:0-22:6 PC and 18:0-22:6 PE, agents promoting negative
curvature and decreased by lysophosphatidylcholine which promotes positive
curvature, in agreement with the membrane curvature hypothesis. However,
MII formation was also augmented by curvature-neutral lysophosphatidyletha-
nolamine. In parallel, significant changes in helical content were observed by
CD. Our results suggest that the structure and function of rhodopsin are modu-
lated not only by membrane curvature elasticity, but also by specific interactions
between rhodopsin and PE headgroups. The role of headgroup hydration, cation-
pi interactions or salt bridge formation between rhodopsin and the annular lipids
will be discussed on the basis of NMR experiments.
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The perturbation of lipid acyl chain order by fusion proteins is widely reported
in the membrane of viral entry and fertilization process. Synaptotagmin is the
Ca2þ trigger for membrane fusion in neuronal exocytosis, and it may act by
modulating lipid packing or membrane curvature strain. The effects of soluble
synaptotagmin (C2AB) and separate C2 domains (C2A and C2B) on the lipid
order of POPC:POPS (3:1) membrane bilayer were examined with attenuated
total reflection Fourier transformed infrared spectroscopy (ATR-FTIR). Our re-
sults show that C2AB and more noticeably C2B decrease the lipid order and
C2A increases the lipid order in low concentrations. However, in concentra-
tions higher than certain threshold values, the effects reduce or even reverse.
The presence of 1% PIP2 in the lipid bilayer lowers these threshold concentra-
tions. The role of Caþþ is ambiguous: Ca enhances the perturbation effect in
presence of PIP2, and reduces the effect in absence of PIP2. Experiments with
membrane bilayers composed of deuterated POPC and normal POPS indicate
that the change in lipid order are largely due to POPS. These data suggest
that lipid demixing and membrane curvature strain may play a role in the
mechanisms of Ca25mediated fusion in the central nervous system.
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ators of cell function. One example is the hydrolysis of phospholipids through
phospholipase D (PLD), which produces the signalling molecule phosphatidic
acid (PA). These processes at lipid membranes can be observed in situ through
the application of different biophysical techniques. Thus, the hydrolysis of
phosphatidylcholines by PLD was investigated, showing that the enzyme is
highly affected in its catalytic activity by the lipid membrane structure. Briefly,
by using Langmuir monolayers as a model system, we revealed that PLD activ-
ity depends on the segregation of the hydrolysis product PA within the mono-
layer. Hence, we could describe how the structure of the PA-rich domains is
decisive for the activation and inhibition of PLD. This study demonstrates
how membrane structure influences the activity of PLD and regulates the
concentration of the lipid messenger PA.
The current research project is aiming at describing a toxic component of the
venom of brown spiders (Loxosceles), which has a rare enzymatic activity
termed sphingomyelinase D (SMD). SMD catalyzes the conversion of sphingo-
myelin (SM) into ceramide-1-phosphate (Cer-1-P). While the enzymatic sub-
strate SM is an integral constituent of many cell membranes, especially in the
vascular epithelium and red blood cells, the reaction product Cer-1-P occurs in
very low concentrations. Cer-1-P is suggested to be a novel lipid second messen-
ger in cellular signal transduction events. At present, the precise mechanism of
venom action is incompletely understood, but preliminary results show the strong
effect of SMD activity on the membrane structure of giant unilamellar vesicles.
In summary, the presented work depicts the correlation between membrane
structures and the activity of lipid-modifying enzymes. This implements new
models for the regulation of cellular processes through distinct structures of
biological membranes.
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Many small cationic peptides have antimicrobial properties. This is assumed to
be linked to their ability to permeabilize bacterial membrane. Membrane binding
is usually accompanied by the transition from an unstructured conformation to an
a-helical state. To investigate further the link between folding and membrane
permeabilization we have studied the effect of acylating the N-terminus of the
antimicrobial peptide Novicidin with C8, C12 and C16 chains. Acylation in-
creases the ability to form a-helical structure in the presence of zwitterionic
vesicles but reduces the ability to permeabilize these vesicles, even at concentra-
tions sufficiently low to prevent formation of peptide micelles mediated by the
acyl chains. Laser confocal scanning microscopy studies that show Novicidin’s
preference for DOPC vesicles among populations of different vesicles. The di-
vorce between folding and function is further emphasized by stopped-flow stud-
ies using fluorophor-labelled peptide which indicate that a more superficial mode
of binding is more efficient in releasing vesicle contents. Rapid kinetic measure-
ments showed a significant increase in the vesicle disruption lag time as a func-
tion of acyl chain length indicating that acylation actually decreases the kinetics
of interaction. We suggest that induction of a-helical structure is not a prerequi-
site for membrane disruption but may in fact inhibit disruption by sequestering
the peptide in less membrane-active conformations inserted deeper into the
membrane than the non-acylated form. This is corroborated by surface-measure-
ments using Quartz Crystal Microbalances with Dissipation and Dual Polariza-
tion Interferometry. Our microscopy studies also reveal multiple modes of
interaction between AMPs and simple model membranes, namely fusion, pore-
formation and lysis, and indicate that peptide-membrane interactions may be
even more varied in the complex environment of live bacterial membranes.
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Membrane compartments of manifold shapes are found in cells, often sculpted
by cellular proteins. In particular, proteins of the BAR domain superfamily
participate in membrane sculpting processes in vivo and reshape also in vitro
low-curvature membrane liposomes into high-curvature tubes and vesicles,
achieving their role by binding with their curved, positively charged surfaces
to negatively charged membranes. Recent observations revealed that mem-
branes are shaped actually through the concerted action of multiple BAR
domains arranged in a lattice. However, information on the dynamics of mem-
brane bending and an explanation of the lattice’s role are still lacking. Here we
show by means of coarse-grained molecular dynamics simulations totaling over1 millisecond, how lattices involving parallel rows of amphiphysin BAR do-
mains sculpt flat membranes into tubes. A highly detailed, dynamic picture
of the formation of membrane tubes by lattices of BAR domains over time
scales of 100 microseconds is obtained. Lattice types inducing a wide range
of membrane curvatures are explored. The results suggest that multiple lattice
types are viable for efficient membrane bending. The lattices found to be opti-
mal for producing high membrane curvature are composed of protein rows
separated by 5 nm, stability of the rows being maintained through electrostatic
interactions between BAR domains.
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The activity of integral membrane proteins has long been known to be tightly
coupled to the lipid composition of the surrounding lipid bilayer. More recently
though the presence of non-annular lipid binding sites have been shown to play
a key role in the regulation of membrane channels. In particular recent fluores-
cence studies have revealed that gating of the potassium channel KcsA is highly
dependent on the binding of anionic lipids to three or more non-annular lipid
binding sites at the lipid protein interface1. Here we present solid-state NMR
studies on KcsA reconstituted into charged lipid bilayers composed of
POPC/POPG. These studies are allowing us to investigate the nature of the
interaction between the surrounding lipid and these binding sites.
Employing 1H-31P saturation transfer MAS NMR2 we have been able to probe
the proximity and rate of exchange of lipid in close proximity to the KcsA. A
significant attenuation of the POPC resonance was observed upon the saturation
of amide protons suggesting that POPC populates the annular sites of KcsA and
is in relatively fast exchange with the bulk lipid. In contrast no such attenuation
was observed for the POPG, which in light of earlier fluorescence studies sug-
gests that the POPG remains resident at the lipid protein interface and does not
readily exchange with the bulk lipid. Preliminary heteronuclear correlation
spectra in conjunction with T2 filtering are beginning to provide us with insights
into the types of residues involved in this interaction.
1) P. Marius et al., Binding of anionic lipids to at least three nonannular sites on
the potassium channel KcsA is required for channel opening. Biophysical
Journal 2008 (94)1689-98.
2) O. Soubias et al., Evidence for lipid specificity in lipid-rhodopsin interac-
tions Journal of Biological Chemistry 2006 (281)33233-41.
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EmrE is a bacterial drug resistance transporter, from E. coli. It is believed to
function as an antiparallel homodimer, each monomer of which contains four
transmembrane helices. Coarse-grained molecular dynamics (CG-MD) simula-
tions have been previously used to study the insertion and self-assembly of
transmembrane helices, and the formation of transmembrane helix dimers
and tetramers in lipid bilayers. Such simulations have used a local modification
of the original Marrink CG forcefield [1]. In the current study, these methods
are employed to investigate the folding and self-assembly of EmrE. Self-assem-
bly CG-MD simulations of the isolated helices of EmrE suggest that each of the
constituent helices inserts into a phosphatidylcholine bilayer to adopt a trans-
membrane orientation. Helix hairpins and other fragments have been simulated
to explore the self-assembly and folding processes of the protein subsequent to
helix insertion. Simulations of parallel vs. anti-parallel pairs of EmrE mono-
mers are used to explore formation and stability of the EmrE dimer.
(1) Bond, P.J., Wee, C.L., and Sansom, M.S.P. (2008) Coarse-grained
molecular dynamics simulations of the energetics of helix insertion into a lipid
bilayer. Biochem. (in press), bi-2008-00642m.R1.
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Coronary heart disease is the leading cause of death in the United States, claim-
ing more lives than the next seven leading causes of death combined. High
levels of high density lipoprotein (HDL) have been correlated with lower rates
of coronary heart disease. Apolipoprotein A-I (apoA-I), is the principle protein
in HDL, is a 243-residue class A amphipathic alpha helix capable of binding
a variable number of lipid molecules. ApoA-I mimetic peptides synthesized
by Anantharamaiah et al. are 18-residue class A amphipathic helices. Although
